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Oversimplified view of genetic basis for diseases
Òmajor advances often occur through investigation of the typically complex web of 
genetic, epigenetic, microbial, and environmental factors and cascading events 
that regulate normal function and that trigger or exacerbate particular diseasesÓ
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1. How do genes interact with each other?

2. Does chromosome structure influence 

function/regulation? 

3. How dynamic is chromosome architecture?

4. What is the impact of disease and 

infection?
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Structures at 
different scales

Conventional Actual
(Modeled)

Goal: Build and visualize realistic maps of dynamic human genome architecture to decipher 
environmentally (or diseased) induced alterations of fundamental cellular functions
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Improve the dynamic visualization of 4D 
genome architecture

% Integrate physical images, high 
resolution techniques, and epigenetic 
measurements to refine 3D modeling

% Use deep learning to produce Ôon -the-flyÕ 3D models directly from 
2D DNA interaction data with one -to-one correspondence between 
experiment and model

% Create a 4D visualization tool that integrates all informative data to 
enable true, interactive 4D genome exploration
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Viral Genome

Pseudo -virus Genome

Virus membrane

Spike

Cell membrane

5
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Proteins from the viral RNA are similar to 
those for MERS-CoV, which alter 
epigenomic profiles. 

Both Viral and Host Processes Contribute to DNA Methylation. To
examine how these respiratory viruses target antigen presentation
via epigenetic modulation, we utilized MERS-CoV and H5N1-
VN1203 mutants that lacked key viral proteins. Previous work by
our group implicated influenza NS1 in histone modification and
ISG down-regulation compared with a similarly replication at-
tenuated PB2 mutant (6). In this study, we extended this analysis
to antagonism of antigen-presentation molecules. Following in-
fection of Calu3 cells with wild-type (WT), C-terminal truncation
of NS1 (NS1trunc124), or PB2 encoding an amino acid sub-
stitution (PB2-K627E) mutant viruses, we examined changes in
viral replication as well as HLA-A and -C peptide abundance (Fig.

6 A and B). While the overall peptide level was decreased relative
to mock, truncation of H5N1-VN1203 NS1 resulted in augmented
protein expression of both MHC class I molecules relative to the
WT virus. Importantly, the reduction of MHC class I down-
regulation was not a product of attenuated viral replication, as
the PB2 mutant had similar replication kinetics and titer, but
maintained HLA-A and -C antagonism (Fig. S3A). Together, the
results implicate a role for NS1 in modulation of antigen pre-
sentation following H5N1-VN1203 infection.

In contrast, results from an attenuated MERS accessory ORF
mutant virus infection suggested that host processes may con-
tribute to the modulation of host antigen presentation. The

Fig. 5. Examination of host DNA revealed complete methylation at MHC gene loci following MERS-CoV infection. ( A) DNA methylation status during MERS-
CoV, SARS-CoV, H5N1, and H1N1 infection. MeDIP was performed with total DNA from Calu3 cells infected with MERS-CoV, SARS-CoV, H5N1-VN1203, or
H1N1-09 for 18 h to determine the methylation status of MHC gene promoters. Methylated CpG islands within the promoter regions for HLA-A, B2M, and
PDIA3 were quantified by qRT-PCR. Results were reported as relative percentage of methylated (red) and unmethylated (gray) DNA in each target genomic
DNA sequence for each virus. ( B) Chromosome plot of chr. 6 showing DNA methylation after H5N1 and MERS-CoV infection. Differential methylation levels
were called against the time-matched mock reads as reference reads with mock values equaling 0. Methylation levels were then quantified and plotted a s
bars according their location on chr. 6; each bar indicates the total number of differential methylation marks within 1 Mb.

Menachery et al. PNAS | Published online January 16, 2018 | E1017
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Infected cells

% Changes in the host epigenome occur after infection due to specific viral proteins; these 
proteins are included in our pseudo -virus genome. 

% Distinct epigenetic responses in individuals may explain why COVID affects people differently. 
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Hypothesis - Epigenomic responses may underly infection severity:
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Monitor Structural Changes Over 
Time During Coronavirus infection

Use non-harmful model systems
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Deliverables : Chromatin, Nuclei, and Samples from Infection Model(s) for all Tasks 
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Deliverables : Cryo-EM Tomograms, Chromatine State/Time Resolved Contact 
Maps, and Epigenetic Modifications

HiC Structural Data
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Deliverables : Machine Learning to simplify epigenetics and 
chromosome architecture, Data Analysis/Integration Pipelines, Time 
Resolved 3D Genome Models to Resolve Chromosome Structures
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Meta Data

3D/4D Viewer
Global Scale Micro/

Mesoscale
Viewing

1D Conventional
Genome Browser
w/ Tracks

Supporting 
2D Data 
(i.e. HiC Maps)

4D Viewer Mockup
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Deliverable: Multi -Dimensional 
Genome Browser/Viewer
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4D Genomics Discovery Platform
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Open Source 
4D Genome 

Viewer

Time Resolved 3D 
Genome Models of 

Healthy and Infected 
Lung Cells

Novel Assays + 
Integrated Pipelines 
that create accurate 

3D Maps 
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%Supports Lab Agenda 2.7 NSLS

%CNES Challenge Area #3 (Natural 
Environment/Non -nuclear Threats)
& ID therapeutic targets to alter genome 

conformation through epigenetic 
modification to counteract/correct
! genetically linked abnormalities 
! pathogen -induced exposure/hijacking of vital 

regions of the genome
! radiological alteration of 

chromosome/chromatin accessibility. 
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%Cross Cuts IS&T and Science of Signatures 
Focus Areas
& Computational Science Algorithms, 

Workflows, and Architectures;
! ML to resolve meso -scale chromosome models
! software to improve visualization and human -

computer interface systems to significantly 
reduce time -to-discovery and interpretation of 
integrated experiments 

! algorithms and visualization tools can be 
adapted for stockpile stewardship, open science, 
and global security 

! unique patterns and signatures in high -
resolution 3D maps + epigenetic marks may 
discriminate and diagnose exposure to 
chemical, biological, radiological, or nuclear 
events.
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1. Establish infection model(s)
2. Develop chromosome/chromatin characterization methods (Epigenetic and HiC

Assays)
3. Stand up chromatin imaging capability (Cryo -EM, Labeling).
4. Conduct machine learning analysis and advance 4D modeling
5. Build & beta test V.1 of the 4D genome browser

1. Epigenetics (Christina Steadman, Scientist 2, B-11)

2. Infection Studies (Sofiya Micheva-Viteva, Scientist 3, B-10)
3. Chromatin Imaging (John Watt, Scientist 2, MPA -CINT)
4. Informatics/Data Integration Pipelines (Cullen Roth, Postdoc, B -10)
5. Modeling (Karissa Sanbonmatsu, Scientist 5 T-6)
6. Machine Learning (Vanessa Job, PhD Student, HPC-DES)
7. Visualization Platform (David Rogers, Team Leader, CCS-35

-"./,0.#+%*$"1",2#20(,1
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! Developed models of SARS -CoV2 mini -
genome infections of human lung cell 
line A549

! Developed protocols for high infectivity 
ratios (MOI) of common cold virus 
HCoV229E in adult lung human cells 
A549

! Implemented protocols for HiC sample   
preparations, chromatin extraction and 
labeling for cryoEM studies

A549 ÒinfectedÓ with N-GFP CoV2 mini-genome

0#1
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EPIGENETICS

! Developed and optimized 
chromatin configuration 
protocol ( ATAC-seq) for two 
cell lines 

! Developed and optimized 
cryoATAC-seq improvement 

! Developed and optimized challenging ChIP-seq protocol for two cell lines

! Publishable, high resolution data ( ChIP-seq + ATAC-seq) passes QC, 
ENCODE metrics
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CryoEM + Gold Labeling

! Optimized grid functionalization and 
freezing conditions.

! Intact chromatin from multiple cell lines 
extracted and imaged.

! Gold labelling methods developed.
Au NP ÐdCas9 (directed attachment)
Au NP ÐH3 (uniform labeling)

! Observed 30 nm chromatin fiber from A549 
cells in conventional TEM.

! Higher order structure of heterochromatin 
from A549 cells observed in cryo -EM and its 
native, hydrated state.

%0$)1234
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DATA INTREGATION/ANALYSIS 
! Built custom informatics pipelines to analyze 

HiC, ATAC-seq and CHIPseq data
! leverages existing tools
! Auto generates critical quality control 

metrics
! Integrates novel tools for improved 

sequenced read mapping Analysis of 
reproducibility and estimation of 
correlation

! Constructing contacts maps from own data 

MACHINE LEARNING
! Determined that mutual information exists 

chromatin conformation assays and 
epigenetic marks

! Random forests can accurately predict 
open chromatin ATAC -seq peaks from 
epigenetic H3K27ac marks

! Neural networks can accurately predict 
ChIP-seq H3K27ac data from ATAC -seq at 
fine resolution
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! Completed/Published pipeline 
from 2D Hi -C data of 
chromosome to 3 -D model of 
chromosome

! Extended from chromosome 
scale to genome scale (for small 
genomes)

! Applied to LANL Hi -C data

! Incorporating into 4DGB browser 
via Google Collab
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0123$4"(5'.'*+06$0+#7'&+8'*+",$'55! Established an iterative 
development process with the team

Continuous Prototyping (4 prototypes in Y1)

! Public release of end -to-end web 
browser

Server with API for data access and creation
Contact & 3D model viewer
Comparative track viewer
gentk python module (client/server access)

! Built Foundation for years 2 and 3
Data scaling & Time Component
Novel Analysis Methods Enabled by 3D/4D 
Models (distance, gradients, proximity, etc.)

github.com /lanl /4DGB
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$ Office of Science Programs: Srinivas Iyer, Program Director

$ National Security & Defense; Intelligence & Emerging Threats: Kirsten McCabe, 
Program Manager
% First Award of Follow on Funding DTRA: Machine Learning Tools to Detect Early 

Epigenetic Biosignatures of Infection, $643,000

$ NIH 4D Nucleome (4DN): Mike Pazin, Program Director, National Human 
Genome Research Institute (NHGRI)
% Outreach about future 4DN calls and workshops.

$ Platform Adaption/Community Building
% Leveraging Collaborators as External Advisors
% Public release of v1.0 of Genome Viewer
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%Publications 

& Four dimensional chromosome reconstruction elucidates the spatial reorganization of the 
mammalian X-chromosome.  A Lappala, C-Y Wang, A Kriz, H Michalk, JT Lee, and KY 
Sanbonmatsu, PNAS, Proceedings of the National Academy of Sciences 118 (42) (2021). 

& Getting to the bottom of lncRNA mechanism: structure Ðfunction relationships. K.Y. Sanbonmatsu, 
Mammalian Genomes (2021).

& Predicting epigenetic signatures using machine learning . Vanessa Job, Wyatt Eng, Cullen Roth, 
Vrinda Venu, Trilce Estrada, Nick Lubbers, Laura Monroe, Karissa Y. Sanbonmatsu, Shawn R. 
Starkenburg, Christina R. Steadmanin, in prep .

& Issues and Improvements to Pseudoreplication of Epigenetics Data: An Update to the ENCODE 
Guidelines. Cullen Roth, Vrinda Venu, Christina R. Steadman, Shawn R. Starkenburg, in prep.

%Software/Workflows
& https://github.com/lanl/4DGB
& Copyrighted 4DGB toolkit release Sept 16, acknowledged by NNSA for open source 

release

%Public Talks ÐVanessa Job (1), Wyatt Eng (1), Karissa Sanbonmatsu (3)
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%Motivation: revisualizing the genome 

%What is epigenetics and how does it relate to visualization of the genome? 

%Experimental Progress for Tasks 1, 2, 3

%Development of chromatin configuration assays and informatics

%Development of epigenetics assays and informatics 

%Generation of high resolution data sets 

%Next steps 
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Standard model of 
structure

Levels of structure that 
can be experimentally 

determined

! What controls the 
formation of 3D 
structures? 

! How do 3D structures 
change over time? 

! What role do 
epigenetic modifications
play in these processes? 

Hypothesis: 
Changes in epigenetic 
modifications lead to 

restructuring of 
chromosomes and 3D 

organization.
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chapterIvariationunderdomesticationwhenwelooktotheindividualsofthesame
varietyorsubvarietyofouroldercultivatedplantsandanimalsoneofthefirstpoin
tswhichstrikesusisthattheygenerallydiffermorefromeachotherthandotheindi
vidualsofanyonespeciesorvarietyinastateofnaturewhenwereflectonthevastdiv
ersityoftheplantsandanimalswhichhavebeencultivatedandwhichhavevariedd
uringallagesunderthemostdifferentclimatesandtreatmentithinkwearedriven
toconcludethatthisgreatvariabilityissimplyduetoourdomesticproductionsha
vingbeenraisedunderconditionsoflifenotsouniformasandsomewhatdifferentfr
omthosetowhichtheparentspecieshavebeenexposedundernaturethereisalsoithi
nksomeprobabilityintheviewpropoundedbyandrewknightthatthisvariability
maybepartlyconnectedwithexcessoffooditseemsprettyclearthatorganicbeings
mustbeexposedduringseveralgenerationstothenewconditionsoflifetocauseany
appreciableamountofvariationandthatwhentheorganisationhasoncebegunto
varyitgenerallycontinuestovaryformanygenerationsnocaseisonrecordofavar
iablebeingceasingtobevariableundercultivationouroldestcultivatedplantssuc
haswheatstilloftenyieldnewvarietiesouroldestdomesticatedanimalsarestillca
pableofrapidimprovementormodification

CHAPTER I.

Variation under Domestication.

When we look to the individuals of the same variety or sub-variety of our older 
cultivated plants and animals, one of the first points which strikes us, is, that they 
generally differ more from each other than do the individuals of any one species or 
variety in a state of nature. When we reflect on the vast diversity of the plants and 
animals which have been cultivated, and which have varied during all ages under 
the most different climates and treatment, I think we are driven to conclude that 
this great variability is simply due to our domestic productions having been raised 
under conditions of life not so uniform as, and somewhat different from, those to 
which the parent-species have been exposed under nature. There is also, I think, 
some probability in the view propounded by Andrew Knight, that this variability 
may be partly connected with excess of food. It seems pretty clear that organic 
beings must be exposed during several generations to the new conditions of life to 
cause any appreciable amount of variation; and that when the organization has 
once begun to vary, it generally continues to vary for many generations. No case is 
on record of a variable being ceasing to be variable under cultivation. Our oldest 
cultivated plants, such as wheat, still often yield new varieties: our oldest 
domesticated animals are still capable of rapid improvement or modification.

Excerpt From: Charles Darwin. 
ÒOn the Origin of Species by 
Means of Natural Selection /or 
the Preservation of Favoured 
Races in the Struggle for Life. 
(2nd edition)Ó

Chromosome visualization

Understanding the functional 
structural elements of the 
genome is like converting a 
string of letters to a sensible 
content

Epigenetics

Venu, 2021
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Heterochromatin
Inactive Genes

Euchromatin
Active Genes

Histone Proteins

Epigenetic Modifications

DNA

5'%.,*.&6)7878
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*+,#-.+('/$%"

Oscillation between inactive and active gene states 
involves remodeling of chromatin with epigenetic 
modifications

Virus
Nutrients
Drugs
Environment
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%Task 1: Viral Infection Studies
& Material for epigenetics analysis: chromatin, nuclei etc. 
& Alternative viral infection model, epigenetic inhibitor treatments 

%Task 2: Novel High Resolution Data 
& Chromatin Configurations 

! Open chromatin: ATAC -seq
! Closed chromatin: HiC 

& Epigenetic Modifications 
! Histone modifications: ChIP-seq
! DNA methylation: WGBS

%Task 3: Modeling and Data Integration
& Pipelines for analyzing: ATAC-seq, HiC, ChIP-seq, WGBS

!"#$%&%'#()*#)*"+,'*-.*/+)0)*12*32*+&4*5
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%Task 1: Viral Infection Studies
& Material for epigenetics analysis: chromatin, nuclei etc. 
& Alternative viral infection model, epigenetic inhibitor treatments 

%Task 2: Novel High Resolution Data 
& Chromatin Configurations 

! Open chromatin: ATAC -seq
! Closed chromatin: HiC 

& Epigenetic Modifications 
! Histone modifications: ChIP-seq
! DNA methylation: WGBS

%Task 3: Modeling and Data Integration
& Pipelines for analyzing: ATAC-seq, HiC, ChIP-seq, WGBS

!"#$%&%'#()*#)*"+,'*-.*/+)0)*12*32*+&4*5
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Use ChIP-seq method for modifications 
on histone proteins in chromatin

Use ATAC-seq method for 
ÒopenÓ chromatin regions; 

chromatin accessibility 

Use HiC method for 
high contact regions; 
proximity information
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Buenrostro et al., 2015

Tn5 cuts chromatin between nucleosomes (histones) 
into small pieces for sequencing; genome -wide

Yan et al., 2020

Reads pileup at open chromatin regions

Tn5

Sequencing 
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Human lung epithelial cells (A549) 
& Cell count (50k-100k cells)
& Cell viability (>95%)

PCR amplification of 
tagmented fragments

Library 
size 
selectionCell counting,

homogenization

Cell lysis and 
homogenization

Tagmentation
Challenge: optimize 
ATAC-seq protocol
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Trial 1: 99k cells Trial 2: 90k cells

Trial 3: 50k cells Trial 4: 40k cells Naked DNA library

! Promising 
libraries were 
sequenced to 
determine 
whether or not 
they map to 
putative open 
chromatin 
regions

Human lung epithelial cells (A549) 
& Cell count (50k-100k cells)
& Cell viability (>95%)
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!"#$ %&%' ()*+ ,-.-$/-00*,$.1$)2/23-#$314-.215)$
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!"#$%!&
%'('

$)*&
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! peaks at expected open chromatin regions 
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!"#$ %&%' ()*+ ,-.-$/-))*)$0'$12#$/"3456-.527

! From ATAC-seq 
pipeline 
development 
ÔQuality ControlÕ

! Duplication 
identified

! Higher number 
of reads 
mapping to 
mitochondrial 
DNA

! To be expected 
for A549 cells
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Replicate 3Replicate 2Replicate 1 spearman=0.45 spearman=0.42

spearman=0.44

spearman=0.50 spearman=0.52 spearman=0.53

spearman=0.51

spearman=0.47 spearman=0.49 spearman=0.51

spearman=0.53 spearman=0.55

spearman=0.76spearman=0.73

spearman=0.80

Replicate 3

Replicate 2

Replicate 1

ENCODE R1

ENCODE R2

ENCODE R3

! Fragment length distribution typical of 
ATAC-seq

! More fragments in nucleosome free regions
! High Pearson correlation between 

replicates
! Need greater sequencing depth

Correlation across replicatesFragment distribution

Quality Control Pipeline
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FRiP
Rep 1 0.49224
Rep 2 0.26998
Rep 3 0.30022

! Fraction of Reads in Peaks (ENCODE > 0.3)
! Good signal to noise ratios

!"#$%&"'%(")*+),+-./)0)#)01+23+#.)4#+ 5657 8#19
/1:&"-%(1#+%/1+.";.&<+-)//1&%(1=

Replicate 3

Replicate 2

Replicate 1
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!"#$%&%' ()*+ ,"$-.!*)/-010/)23240"/1$/%&%' ()*+

Goal: paired ATAC-seq and ChIP-seq data sets
Challenge: current methods use fresh cells
Approach: cryopreservation of cells for ATAC-seq
Outcome : no difference in peak counts 

ChIP-seq
Crosslink cells
Store -80¡C

ATAC-seq
Cryopreserve
Store liquid N 2
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!"#$ %&'( )"#* +,$-#."/0#$#123#4#+25$-,62725.+2,4"$
,4$&2"+,4#$10,+#24"

Histone Post 
Translational 
Modifications

ChIP-seq

H3K4me3
H3K9me3

H3K27ac
! Use ChIP-seq to identify which 

genes are activated or repressed 
from viral infection 

Heterochromatin
Inactive Genes

Euchromatin
Active Genes
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!"#$ %&'( )*+,+-+./0'1'.+)2'3,/4&/-"5..'364367/
,42'/-+3&824367/530/'9)'3&41'

! The resulting ChIP-seq map has all the genomic 
regions that have the histone modification

Obtain 
chromatin 
from cells

Crosslink histone 
proteins to DNA

Sonicate 
chromatin 
into pieces

Incubate with 
antibody for 
histone 
modification

Remove 
histone/antibody 
complex; purify 
DNA

Make libraries; 
Sequence the 
DNA

Gene 1 Gene 3Gene 2

Align DNA to 
the genome; call 
peaks
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!"#$%&'()*+(,*-+'.#"/(+.*&+)*01.-/-2()*
'0+-$&.-0+*30#*4%5!6'(7 1#0.0$08

Sonicate 
chromatin 
into pieces

Shearing time course analysis

Goal: shearing in under 20 min for ChIP-seq
Challenge: location, scheduling, time
Approach: new instrument
Outcome : correct sized fragments for ChIP-seq

Covaris Bioruptor
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!"#"$%&'"()"$*+",-%&')%$%+"-"$.'/"$"'%012.-"0'-3'
*0",-*45'-6"'%))$3)$*%-"'73,0*-*3,.'43$' 869: ;."<'
Goal: obtain DNA from ChIP-seq experiment for sequencing
Challenge: optimization of 7 steps is time consuming 
Approach: iterative process, streamlined experimental design
Outcome : final version of ChIP-seq protocol for two cell lines 

! Amount and type of chromatin (cell lines)
! Amount and type of antibodies 
! Types of beads for antibody retrieval  
! Instruments for detection of DNA
! Protocol modifications 
! Buffers (kit vs homemade)
! Sonication
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!"#$ %&'( )'*+&,*)',-.))'/*0'+1,2*&&,3!1,*/456,740",
898! %&'( )'54.6&

ATAC-seq

Cryo 
ATAC-seq

H3K4me3 
ChIP
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!"#$ %&'( )*+, -./$ 010% )*+, /-2-$#+3-452"6-2+*$
2&+$+457+.+253$6-./*3-4+$89$&8"*+:++45.7$7+.+

ATAC-seq

Cryo 
ATAC-seq

H3K4me3 
ChIP

Gapdh Gene
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Goal FY21: establish chromatin configuration and epigenetic 
assays to answer questions and test hypothesis 

! Established Steadman BSL-2 lab with two cell lines

! Purchased equipment to optimize chromatin configuration 
and epigenetics assays for Steadman lab

! Developed and optimized chromatin configuration 
protocol ( ATAC-seq) for two cell lines 

! Developed and optimized cryoATAC-seq improvement 

! Developed and optimized challenging ChIP-seq protocol 
for two cell lines

! ATAC-seq and ChIP-seq high resolution data passes QC, 
ENCODE metrics, and is publishable

Goal FY22: use chromatin configuration and epigenetics 
assays to demonstrate how viral infections alter chromatin 
structure 

! What controls the 
formation of 3D structures? 

! How do 3D structures 
change over time? 

! What role do epigenetic 
modifications play in these 
processes? 

Hypothesis: 
Changes in epigenetic 
modifications lead to 

restructuring of chromosomes 
and 3D organization.
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Interval of re-infections of 15 individuals

Antibody dynamics of one individual
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.EF / 96%DF

0EF 123 96%DF
4

4 5(+&-)&6$76(8$67&'

9EF :%$;8<7 96%DF
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Goal of Cryo-EM Subtask

% &'() *+,-.//)01-2)'-345-64.'.635'78.37)9-)2-:7)/);76./-.9<-
:7)=7=5376-=.35'7./1-79-3457'-!"#$%&'()*+,"#&+(-#"#&>-

% ?)./-71-3)-):15'@5-47;45'-)'<5'-64')=.379-.1-6/)15-3)-73A1-9.37@5-
13.35-.1-B)117:/5>

% &'5.35-.-'5./ *1B.65-7=.;5-)2-345-./35'5<-C*D-64')=)1)=5-.235'-
@7'./-7925637)9-3)-6)=B.'5-3)-E7*&-.9<-17=F/.37)9>

% &'() *+,-G19.B-2'55851A-345-1.=B/5-79-)'<5'-3)-=)973)'-
13'F63F'./-64.9;51-)@5'-37=5-HIDJ>-

Investigate Higher Order 
Chromatin Structure in real 
space, and its native, 
hydrated state.
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Cryo-EM Capability at MPA-CINTSefor Imaging of 
Soft Matter and Beam Sensitive Materials

& '()*+,-.+-/0(.1*23(434*+5234(2-()*6*)*7*68(393+2,-6(4-.3(:-,(2;3(*)58*68(-:()523,*59.(564(2;3*,(
*623,:5+3.(*6(2;3*,(652*<3(;04,5234(.2523=(

Vitrobot

Talos L120C CryoTEM

& !"#$%&'(%)($"*$+%"&%&,-%.$&'-,#%'/01$2"/3&,#01$)')"."&2"0%-,0$')4$-5,%#$
%)-,#*'.,01$)')"2'#-%./,0$')4$0"/6-%")$43)'&%.01$')4$/"7 89$030-,&0$')4$
%)-,#*'.,0:

Leica Cryo SEM Stage
& Transfer
Equipment

SciosFIB/SEM
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Cryo-EM Capability at MPA-CINTSuitefor Imaging of 
Soft Matter and Beam Sensitive Materials

& '()*+,-.+-/0(.1*23(434*+5234(2-()*6*)*7*68(393+2,-6(4-.3(:-,(2;3(*)58*68(-:()523,*59.(564(2;3*,(
*623,:5+3.(*6(2;3*,(652*<3(;04,5234(.2523=(

Vitrobot

Talos L120C CryoTEM

& !"#$%&'(%)($"*$+%"&%&,-%.$&'-,#%'/01$2"/3&,#01$)')"."&2"0%-,0$')4$-5,%#$
%)-,#*'.,01$)')"2'#-%./,0$')4$0"/6-%")$43)'&%.01$')4$/"7 89$030-,&0$')4$
%)-,#*'.,0:

Leica Cryo SEM Stage
& Transfer
Equipment

SciosFIB/SEM
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Current State of Imaging Chromatin

&'()*+,-(.+/,0*+.(1+(23
4 5.3*67,8.'*98+'1
4 :*2,+()2./11/1,18)2;/

<(6=/6'*(68;,:>0
4 5.3*67,8.'*98+'1
4 ?(@,+(6'.81',878*61',A8+B7.(C6D

E/78'*=/,1'8*6,@*'F,8,F/8=3,)/'8;,G/H7HI,C.863;,8+/'8'/J,+86,
*6+./81/,+(6'.81'I,AC',+86,1*76*9*+86';3,+F867/,1'.C+'C./H,
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%&'()*+,-&.)-
/0.12(*+34-
05,*-&3.()0,),-
.*3'(0,'-*6-7-
/0,)4-,0895):

7;(*80'&3-&,-50(2)-034-;&2;5<-.;0(2)4=-3))4-'*-0.'&>)5<-0''(0.'-&'-'*-';)-,+/,'(0')-4+(&32-6())?&32@-

Vitreous 
Ice

Carbon Support 
Film

Small, 
well 
dispersed 
particles.

Challenges of Cryo-EM for Imaging Chromatin

A 7(<* BCD-8)';*4,-;04-50(2)5<-/))3-4)>)5*9)4-6*(-,&325)-90('&.5)-0305<,&,@
A E8055-90('&.5),-F)@2@G-(&/*,*8)G->),&.5)H-I65*JK-&3'*-9*(),-*3-';)-,+/,'(0')-034-/).*8)-5*.1)4-

&3->&'()*+,-&.)@
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!"#!$%&'#()"#*+"#,*-%./*+('#0123'#22'#24564724563"

!"#$$%&'%(

& '()**+,-./0*+1/2*34

& 5)3*.3/67(8.9*).1+(*80.
7/780:

& ;<+2=+,->./</?.8@2833.
3)(A*+),.B8208/383.
3/67(8.()33./,B./(+-,3.
2C0)6/*+,./-/+,3*.*C8.
3AD3*0/*84..

Challenges of Cryo-EM for Imaging Chromatin
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Functionalization
Technique

Charge Result (Autoblot ) Result (Manual
blot)

Air plasma (-) Good,
transparent ice

Good,
transparent ice

Ar/H 2 plasma (+) Good, 
transparent ice

Good,
transparent ice

Air plasma followed by 
magnesium acetate 
treatment

(+) Good,
transparent ice

Ice too thick for 
e- beam 

Poly-l-lysine treatment (+) Good,
transparent ice

Ice too thick for 
e- beam

Identifying Optimal Substrate for Cryo-EM

& '()*+),(-./0/1(,2134.356(/137213+5.+*.89:.7)3-.1)(21,(51.
25-.;<+11357.,(1=+->.1+.3,?)+6(.4=)+,2135.2-=(/3+5.-@)357.
*)((A357B..

& C)3-/.D31=.25.@<1)21=35.E.<20().3-(513*3(-.2/.;(11().425-3-21(/

F1)21=35E.<20().354)(2/(/.
/@;/1)21(G4=)+,2135.351()2413+5>.
D=3<(./13<<.+**()357.7++-.
4+51)2/1B
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Functionalization
Technique

Charge Result (Autoblot ) Result (Manual
blot)

Air plasma (-) Good,
transparent ice

Good,
transparent ice

Ar/H 2 plasma (+) Good, 
transparent ice

Good,
transparent ice

Air plasma followed by 
magnesium acetate 
treatment

(+) Good,
transparent ice

Ice too thick for 
e- beam 

Poly-l-lysine treatment (+) Good,
transparent ice

Ice too thick for 
e- beam

Identifying Optimal Substrate for Cryo-EM

& '()*+),(-./0/1(,2134.356(/137213+5.+*.89:.7)3-.1)(21,(51.
25-.;<+11357.,(1=+->.1+.3,?)+6(.4=)+,2135.2-=(/3+5.-@)357.
*)((A357B..

& C)3-/.D31=.25.@<1)21=35.E.<20().3-(513*3(-.2/.;(11().425-3-21(/

F1)21=35E.<20().354)(2/(/.
/@;/1)21(G4=)+,2135.351()2413+5>.
D=3<(./13<<.+**()357.7++-.
4+51)2/1B



!"##$%$%#

Sample Screening with Conventional TEM

! &'()*+,-./0*)123-456 78294-:1;*<193-<=>;8>*?>;/*4;11?*+@)(@6(;93=801*?>;/*4;11?*+@)(@6

Zhou, Nanoscale Adv. 
2021. 

Control. 

ABC!*4;11?
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hiPSC
Neuronal stem cells

NSC
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Identifying Chromatin from Other Biological Material Ð Gold Labeling 
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Imaging of Higher Order Chromatin Structure with Conventional TEM
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What are the Next Steps for Chromatin Characterization
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Summary for Cryo-EM Task
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